This study sought to determine the risk of low birth weight from intimate partner abuse. The case-control design was used in a purposively ethnically stratified multisite sample of 1,004 women Interviewed during the 72 hours after delivery between 1991 and 1996. Abuse was determined by the Index of Spouse Abuse and a modification of the Abuse Assessment Screen. Separate analyses were conducted for 252 full term and 326 preterm infants. The final multiple logistic regression models were constructed to determine relative risk for low birth weight after controlling for other complications of pregnancy. Physical and nonphysical abuse as determined by the Index of Spouse Abuse were both significant risk factors for low birth weight for the full term infants but not the preterm infants on a bivariate level. However, the risk estimates decreased in significance in the adjusted models. Although today's short delivery stays make it difficult to assess for abuse, it is necessary to screen for domestic violence at delivery, especially for women who may not have obtained prenatal care. The unadjusted significant risk for low birth weight that became nonsignificant when adjusted suggests that other abuse-related maternal health problems (notably low weight gain and poor obstetric history) are confounders (or mediators) that help to explain the relation between abuse and low birth weight in full term infants. Am J Epidemiol 1999; 150:714-26. battered women; birth weight; domestic violence; pregnancy; spouse abuse; women's health
was undertaken to determine the risk of low birth weight from partner abuse in an ethnically heterogeneous sample of women interviewed during the 72 hours after delivery.
In a recent review of the relevant studies, the prevalence of abuse during a current pregnancy ranged from 2 percent to 17 percent, with the prevalence of abuse prior to pregnancy (within the past year) ranging from 3 percent to 9 percent (1). Prevalence rates varied according to how the question about abuse was asked, who made the inquiry, when during the childbearing year the women were asked, and characteristics of the study sample.
Maternal health-related correlates of abuse during pregnancy included substance abuse, smoking, less than optimal weight gain, and adherence to an unhealthy diet (4, (7) (8) (9) . In terms of pregnancy outcomes, there are now at least four studies that have documented an association of low birth weight with abuse during pregnancy, even controlling for other risk factors (10) (11) (12) (13) , although at least five other studies have not shown the same association (7, (14) (15) (16) (17) . Differences may be related to the lower rates of abuse found in most of the studies in which no association was determined (affecting both power to detect associations and classification of participants into abused and nonabused categories). In the studies that found no association, abuse was determined by a single assessment at a midpoint of pregnancy, thereby potentially missing women whose abuse started later as well as women who were not comfortable with disclosure.
There was also great variation in terms of which (if any) confounding factors were included in the analysis. Effects of abuse on low birth weight may be modified by many intermediate factors. For instance, potentially interactive demographic influences on abuse and low birth weight have not been well delineated in prior studies. In the one study where there were adequate numbers of middle class women to analyze separately (10) , the association between low birth weight and abuse was stronger in middle class women than in poor women, for whom there are so many other interacting risk factors for low birth weight. In addition, it may be important to distinguish between preterm and full term deliveries in sorting out the complex interrelations of factors affecting birth weight (18) .
The mechanisms by which abuse might affect birth weight are also not totally clear. As was explicated by Newberger et al. (19) , there may be a direct causal path through abdominal trauma and consequent placental damage, uterine contractions, and/or premature rupture of membranes. There also may be infection, especially related to forced sex, and/or exacerbation of chronic health problems of the mother, such as hypertension or diabetes, from the stress related to trauma. Indirect causes of low birth weight from abuse would manifest through the mechanisms of stress and through the association of abuse with other risk factors for low birth weight noted above, such as smoking and substance abuse or inadequate prenatal care (8, 12, 17) .
Thus, battering during pregnancy is a serious problem that affects a substantial number (by conservative estimate, 150,000-330,000 per year) of women and their unborn children during the prenatal period (20) . For the purposes of this study, battering was defined as "repeated physical and/or sexual assault within a context of coercive control" (21) . Abuse was considered to be a broader term including emotional degradation, threats, and intimidation.
MATERIALS AND METHODS

Subjects
This retrospective case-control study recruited 1,004 women from hospital maternity settings in Florida and Massachusetts between 1991 and 1996. The purposive ethnic group sampling design was for equal numbers of Mexican-American, Puerto Rican, Cuban-American, African-American, and Anglo women. Ethnic group identification was determined by the woman's answer to the question, "What ethnic group do you identify with?'. Central American women were added when it became clear that we could not recruit a sufficient number of Cuban-American women with low birth weight babies into the study. Demographic characteristics of women from the two states did not differ significantly except by Latina ethnicity, with Mexican-American, CubanAmerican, and Central American women being more often found at the Florida sites and Puerto Rican women being predominantly drawn from Massachusetts.
Procedures
Staff nurses and graduate nursing students were trained as data collectors with 16-24 hours of educational material on the dynamics of abuse, interviewing techniques (including ethnic differences in interviewing), and advocacy for abused women. Spanishspeaking interviewers were available at all sites, and the ethnicity of data collectors was matched to that of the participants when possible. Interim training and debriefings were conducted during the study to ensure maintenance of the quality of the research protocol and to enable interviewers to discuss their feelings about difficult situations.
All women of the appropriate ethnicity with low birth weight babies, as determined from labor and delivery logs, were recruited as cases. Women who had delivered in the same settings, were of the same ethnicity and age group (<17, 18-34, and >35 years), and had infants in the same gestational age group (<38 and >38 weeks) that weighed >2,500 g at birth were recruited as controls. Participants were not recruited until at least 6 hours after delivery and were paid $15 for their participation. Once consent was obtained, the researcher ensured comfort and privacy. The interview protocol was completed first, as a method of achieving rapport. The woman then completed the Index of Spouse Abuse (ISA). As the woman completed the next written instrument, the Daily Hassles Scale (DHS), the researcher went outside the room to score the ISA for determination of abuse.
Women who were not abused were told that domestic violence is frequent and has serious health consequences, and were provided with written information from a local shelter. Researchers interviewed the abused women in more depth and completed the Abuse Advocacy Protocol with them (including referrals to local domestic violence agencies, a lethality assessment, and safety planning) (22) . Chart review determined the presence or absence of the risk factors for low birth weight identified by the Institute of Medicine (18) .
Instruments
Index of Spouse Abuse. The ISA is a 30-item selfreport instrument measuring the severity and frequency of physical (P) and nonphysical (NP) abuse using weighted items (23) . It includes assessment of emotional abuse, psychological threats, and coercive tactics, as well as physical and sexual abuse, and has established cutoff scores. Two scores of severity (ranging from 0 to 100) are computed: the ISA-P score for physical abuse and the ISA-NP score for nonphysical abuse. The suggested cutoff score is 10 for physical abuse and 25 for nonphysical abuse. The wording in the stem of items was modified for this study to reflect abuse during the current pregnancy.
Internal consistency (coefficient a) for the ISA was reported in the range of 0.90 to 0.98 with three separate samples totaling 693 women (23) . Support for feasibility and factorial validity was found in two of the samples and for discriminate validity in the third. Independent reliability and factor analysis support was found in samples of African-American women (24) .
Daily Hassles Scale. The DHS is a 117-item instrument designed to measure stress in terms of everyday issues as well as life events, an approach thought to be more appropriate to women, non-Anglo cultural groups, and non-middle-class participants. Reliability in terms of stability over time was supported (r -0.79), and the instrument was found to be a better predictor of health consequences than the Life Events Scale (25) . Construct validity has been supported in both cross-sectional and prospective analysis (25) .
Norbeck Social Support Questionnaire. The Norbeck Social Support Questionnaire (NSSQ) was chosen because of its measure of multiple dimensions of social support and its salience to the experience of abused women, demonstrated in prior study (27) . The NSSQ provides scores for nine subscales combined to form three main dimensions: the functional dimension (Affect, Affirmation, Aid), the network dimension (Size, Duration of relationships, Frequency of contact), and the loss dimension (Absence or presence, Number of persons lost, Amount of support lost). Testretest reliability and internal consistency within subscales have been supported at acceptable levels. Evidence for construct validity, concurrent validity, and predictive validity have been published (28) .
Interview protocol. Structured interview questions for all participants were used to determine intimate partner relationship history, alcohol and drug use during pregnancy, and cultural attitudes. The interview also included the Abuse Assessment Screen (AAS), a brief four-question screen that has been used widely to determine abuse during pregnancy in health settings (2) . The AAS was slightly modified to separate the question on lifetime physical and emotional abuse into two questions. There is support for the reliability and validity of the AAS with data from five different ethnically heterogeneous large studies (26) . Use of both the ISA and the AAS ensured that women were queried about abuse in both an oral one-to-one interview format and a more private written mode.
All research instruments and the interview protocol were translated into the appropriate Spanish dialects (Cuban, Mexican, and Puerto Rican) and back-translated for assurance of language accuracy.
Final samples
The case-control study design called for selection of controls (women bearing infants weighing >2,500 g) matched to cases (women bearing infants weighing <2,500 g) on hospital, ethnicity, maternal age (<17, 18-34, and >35 years), and gestational age group (<38 and >38 weeks). In the final sample, the ratio of consenting, eligible controls to cases among women with preterm infants was less than 1:3. In contrast, the ratio of consenting, eligible controls to cases among women with full term infants was nearly 10:1. This imbalance, coupled with the knowledge that low birth weight studies in the literature suggest major differences in etiology for full term versus preterm infants, led us to elect to conduct separate, parallel analyses of full term and preterm infants. To this end, eligible controls with full term infants were frequency-matched to cases with full term infants based upon hospital, ethnicity, and maternal age groupings in a ratio of 3:1 by random selection within strata. All preterm infants were retained, because of their small numbers. Hence, the 252 full term infants (63 cases, 189 controls) included in these analyses were balanced by case/control status with respect to hospital, ethnicity, and maternal age group, while the 326 preterm infants (238 cases, 88 controls) were not (see table 1 ).
Data analysis
The Statistical Package for the Social Sciences (version 7.0 for Windows; SPSS, Inc., Chicago, Illinois) was utilized for exploratory analyses. Because of their skewed distributions, some scores were dichotomized at their 75th percentiles instead of being retained as continuous variables, including the DHS score and the Affirm and Aid subscales of the NSSQ.
Unmatched analyses were conducted using logistic regression (PROC LOGISTIC in the Statistical Analysis System; SAS Institute, Cary, North Carolina) to obtain odds ratios and 95 percent confidence intervals, with statistical significance assessed by the Wald statistic. Explanatory variables were grouped according to a conceptual framework (table 1) , with sets including demographic, socioeconomic, and maternal distal reproductive characteristics, relationship behavior, and distal and proximal characteristics of the current pregnancy. To take into account confounding factors, we included variables reported in the literature to be associated with both abuse and low birth weight. In separate models for each variable set, we employed the stepwise procedure with backward selection, using a p level <, 0.15 for retention. Next, all variables retained in the prior steps were included jointly, and those whose significance level based on the Wald statistic was greater than 0.15 were dropped from the final models.
The matching variables (hospital, ethnicity, and maternal age group) were tested in both the full term and preterm models. In addition, gestational age was included as a control variable in die preterm model in the form of an ordered categorical variable (<32,32-35, and 36-37 weeks). The set of proximal characteristics of the current pregnancy was not included in the final models, since those variables are likely to fully mediate low birth weight and lead to early delivery (29) . Table 1 displays the basically similar prevalences of physical and nonphysical abuse as assessed by all measures in both full term and preterm infant groups. Table  1 also summarizes the proportions of mothers with assorted risk factors for abuse or low birth weight, stratified by gestational age and birth weight categories.
RESULTS
The odds ratios and corresponding 95 percent confidence intervals for all factors are presented for mothers by gestational age group in table 2. Among demographic and socioeconomic characteristics, infants of mothers with less than a high school education were more likely to be low birth weight if the mother had a full term delivery, and less likely if she had a preterm delivery. No significant associations were observed by maternal age, ethnicity, acculturation, or household income in either group.
In terms of maternal distal reproductive characteristics, preterm infants of mothers who were primiparous or who had more than four prior live births were more likely to be low birth weight than infants of mothers with 1-4 prior live births, as were preterm infants of mothers who were below the 25th percentile of weight for height. These associations were not observed for mothers of full term infants. Full term infants of mothers with a history of surgery or genitourinary anomalies were less Likely to be low birth weight than infants of mothers without that history, but preterm infants of such mothers were more Likely to be low birth weight. A poor obstetric history (i.e., a prior low birth weight infant or multiple spontaneous abortions) was associated with a higher risk of low birth weight for both the full term and preterm groups, as was low birth weight at the mother's birth.
Among the abuse measures, only two significant risks were observed. For full term infants, the risk of low birth weight was higher when mothers were above the suggested cutoffs on the ISA-P and ISA-NP. None of the abuse measures were significant risk factors among preterm infants. For both the full term and preterm groups, infants born to women whose current partner was not the father of the baby were at higher risk of low birth weight.
Neither the DHS score nor the Aid subscale score, as defined by cutpoints at their 75th percentiles, was a risk factor for low birth weight. A high score on the Affirm subscale (above the 75th percentile) was associated with a significantly lower risk of low birth weight for full term infants but not for preterm infants.
In terms of distal characteristics of the current pregnancy, smoking, inadequate prenatal care, and poor pregnancy weight gain were all associated with an increased risk of low birth weight for full term infants. Only poor weight gain was significant for preterm infants. A short interpregnancy interval or alcohoL/drug use during pregnancy showed no significant associations with low birth weight in either group.
All of the proximal characteristics of the current pregnancy that we examined were significantly associated with a higher risk of low birth weight among preterm infants, including hypertension/toxemia/ preeclampsia, early bleeding, placenta previa/abruptio placentae, spontaneous rupture of membranes, and emergency delivery. Among these factors, only the latter was also a risk factor for the full term infants.
The results of the final multiple logistic regression analyses are shown in table 3. In the models shown, the physical abuse score (ISA-P) was included but not the nonphysical abuse score (ISA-NP), because of collinearity. For full term infants, the physical abuse score did not remain statistically significant in the final model after adjustment for the other factors shown (p = 0.22). Low maternal education, poor obstetric history, low maternal birth weight, and poor weight gain remained associated with an elevated risk, while surgical/genitourinary anomalies and a high Affirm score continued to predict a lower risk of low birth weight. The Hosmer-Lemeshow goodness-of-fit statistic indicated a moderately good fit (4.0, 6 df; p = 0.68). When the three matching variables were added to the same model, the goodness of fit worsened (10.18, 8 df; p = 0.25). Thus, those variables were omitted from the final full term infant model (table 3) . 
Table continues
For preterm infants, the physical abuse score remained nonsignificant (p = 0.96), while low maternal weight for height and nonpaternity decreased in significance (both p's = 0.14). Parity of 0 or >4, surgical/genitourinary anomalies, low maternal birth weight, and low weight gain continued to predict The nonphysical abuse score was substituted in these same models for the physical abuse score. For full term infants, the parameter estimate for nonphysical abuse remained marginally significant (OR = 2.65; 95 percent confidence interval: 0.80, 8.88; p = 0.11) and the goodness-of-fit statistic remained stable (4.38, 6 df; p = 0.62). For the preterm infants, this estimate remained nonsignificant (p = 0.45) and the goodness of fit decreased (6.32, 8 df; p = 0.61). Parameter estimates for the remaining covariates remained essentially the same in both the full term and preterm models when nonphysical abuse scales were substituted for physical abuse scales.
DISCUSSION
In this study, the overall prevalence of abuse during pregnancy (5.6 percent according to the ISA; 5.2 percent using the AAS question) was within the usual range of most other studies (3.9-8.3 percent) (1). It was slightly lower than the prevalence found in most of the eight investigations within that range, even though more than one means of assessment was used. The clinical impression of the investigators (all experienced domestic violence researchers and clinicians) was that the immediate postpartum period, especially with the current short obstetric hospital stays, is an extremely difficult time to assess for abuse during pregnancy and will probably result in underreporting of abuse. The only other study assessing abuse during pregnancy at delivery (8) also found a relatively low prevalence of abuse during pregnancy (7.2 percent), although that investigation utilized the full hospital stay (up to 5 days in the early 1990s) for assessment Just prior to the implementation of our study, the average hospital stay for delivery decreased suddenly from 72 hours to 24-48 hours, leaving women very little time, energy, or privacy for completing research questionnaires and interviews. The investigation that found the highest prevalence of abuse during pregnancy in a multiethnic sample used regular prenatal care nurses to assess abuse at three prenatal care visits, thereby increasing trust in the data collector and allowing the woman to decide more than once about disclosure (6) .
The clinical implication is that optimally abuse should be assessed at each prenatal care visit or at least once each trimester. Abuse should also be assessed at delivery, since some women may not have obtained prenatal care, but underreporting at delivery should be expected.
To our knowledge, this sample is the only one in the literature including Cuban-American women and only one of two including Central American women, which also may have contributed to a somewhat lower prevalence of abuse during pregnancy. Gaffney et al. (30) also included Central American (Salvadoran) women in their analysis and found a significantly lower prevalence of violence (not just intimate partner abuse) during pregnancy than that experienced by Anglo-and African-American women. The low prevalence of abuse during pregnancy decreased the power of our study to detect an association between abuse during pregnancy and birth weight, especially in multivariate analysis, where we divided the sample into full term and preterm subsamples. The low power and small cell sizes also compromised our ability to detect differences according to such variables as ethnic group. The decrease in sample size in this analysis was a compromise made in order to take into account the differential models of low birth weight risk for full term versus preterm infants that was apparent from the literature after the study was designed. Our finding of two very different models for low birth weight in full term and preterm infants supports this approach. The relatively low power also reinforces the importance of significant results that were found.
Our study contributed the new observation that any effect of abuse on birth weight may be more salient for full term babies. Our results are very similar to those found by at least four other research teams (7, 14, 16, 17) , who found an initially significant effect on birth weight that became nonsignificant when controlling for other factors in multivariate models. In conjunction with other studies (6, 10) that have found an effect of abuse on birth weight even after controlling for other factors, this suggests that for some women abuse indeed is a risk factor for low birth weight but that for most others it becomes confounded with other risk factors for low birth weight. Abuse may be one of a cluster of difficult life circumstances that affect birth weight.
When we removed each of the other significant risk factors one by one from the multivariate analysis with full term infants, we found that no single other risk factor was the confounder-that each factor slightly reduced the odds ratio. Given our findings in the context of the other studies of abuse during pregnancy and birth weight, it is probable that the confounding (or "mediation" in the language of social science analysis) by the other abuse-related variables is not complete but rather partial (31, 32) . Thus, abuse affects birth weight mainly through other related deleterious variables but also may have some direct effect, perhaps especially for middle class women who have fewer of the other risk factors for low birth weight (10, 17) .
Our study did indeed support others which found deleterious effects of domestic violence on maternal health factors that have in turn been identified as risk factors for low birth weight. Abused women were more likely to smoke and to gain less than 15 pounds (<6.8 kg) during pregnancy, two findings supported by most of the other research on abuse during pregnancy (7, 9, 15, 17) . A <15-pound weight gain was also one of the strongest predictors of low birth weight in both the full term (adjusted OR = 3.57) and preterm (adjusted OR = 4.14) infants, although smoking was not included in the final adjusted model. The mother's weight:height ratio was also a risk factor for low birth weight for the preterm infants in the adjusted model and was associated with abuse in the mothers of full term babies. Of the different ways in which battered women report being emotionally abused (called names, degraded verbally, etc.), the most often mentioned in clinical interviews is abuse about thenweight. It may be that battered women try hard not to gain weight during pregnancy in order to escape thenhusband or partner's wrath or that the stress of the abuse decreases their appetite. McCauley et al. (33) found a relation between eating disorders and abuse in a nonpregnant population.
For the full term infants, it appears that poor obstetric history and maternal weight gain of <15 pounds are . acting as the primary confounders or mediators of the effect of abuse on birth weight, since both factors are related to both the independent and the dependent variables and the bivariate relation between abuse and low birth weight becomes nonsignificant when they are included in the equation together (32) . The poor obstetric history variable is operationalized as a prior low birth weight infant or multiple spontaneous abortions, a strong predictor of low birth weight in most investigations (18) . It is not immediately clear why abuse is related to this kind of history, unless it reflects the second pregnancy in a long term abusive relationship where abuse contributed to low birth weight in the firstborn infant or to an abortion.
In contrast, use of illegal drugs and alcohol was related neither to abuse during pregnancy nor to low birth weight, a finding different from that of most studies (4, 7-9, 15) but similar to the findings of Webster et al. (17) . This may be because our measure of alcohol or illegal drug use, chart notation, was rather crude. Absent or inadequate prenatal care was also not related to either abuse during pregnancy or low birth weight (although it increased the risk of low birth weight in full term babies (OR = 1.8, p = 0.09)); this is another relation that has had mixed findings in the literature (2, 8, 17) . Again, our chart notation measure was relatively crude. We had anticipated that we might be able to use the Institute of Medicine (18) list of risk factors for low birth weight as an instrument, but it was not internally consistent. Consequently, each of the risk factors was considered separately-an approach that has been used in most other comparable investigations, although it is not ideal.
We had theorized that the stress of abuse is the underlying physiologic causal mechanism operating to connect abuse, other coping but unhealthy variables, and low birth weight (11) . Therefore, it was surprising that stress as measured by the DHS was not associated with low birth weight in the full term (or preterm) infants, although it was associated with abuse by all indicators. The DHS may not have been the best measure of stress for this analysis after all. In contrast, the Affirmation subscale of the NSSQ was significantly predictive of low birth weight in the full term infants, indirectly supporting a stress-related model of low birth weight in full term babies, but it was not associated with abuse by any measure. Prior research on the relation between social support and abuse has been mixed (8, 27) , and the issue is seldom studied in relation to abuse during pregnancy.
Finally, we found abuse to be related to the father of the baby not being the woman's current partner among full term infants and also to be a risk factor for low birth weight in the preterm infants. The relation of abuse to paternity is supported by Daly and colleagues' findings of increased child and intimate partner homicides and increased domestic violence when the abuser was not the father of children in the home (34, 35) . There are also qualitative interview findings which suggest that when the partner thinks an unborn child is not his biologic offspring (whether or not that is factual), the woman is at particular risk for serious abuse during pregnancy and the child is at particular risk for abuse after it is born (24, 36) . This form of "male sexual proprietariness" (34) is an aspect of the coercive control and jealousy of abusive partners that poses particular danger for the pregnant woman and the child in question. It should be inquired about for all pregnant abused women and considered in safety planning. Although it reached only a 0.11 level of statistical significance in the adjusted model, the adjusted odds ratio of a 2.4-fold increased risk for low birth weight in the preterm babies is enough to suggest that examination of the paternity variable in other investigations of low birth weight is warranted. Paternity did not function as a confounder, since there was no bivariate relation between abuse and low birth weight in the preterm infants; however, there may have been some of the same dynamics operating in terms of the partner not being as supportive of the mother during pregnancy since the infant was not his.
Another important finding was that the ISA operationalization of abuse was the only one that predicted low birth weight in the unadjusted analysis. This is probably because the ISA has the most stringent criteria for abuse, measures both severity and frequency, and therefore represents the most severe abuse. The ISA was also modified in this study to reflect abuse during the current pregnancy only. To our knowledge, none of the other studies of abuse during pregnancy used a normed instrument that measured both physical and nonphysical abuse or used as stringent a measure of abuse. More women reported past-year abuse by means of the single AAS question than through the ISA-P cutoff (11) suggested by the original literature (23) . Although the ISA-P cutoff may have been too high, it can at least be said with confidence that those who met that criterion were seriously abused. Webster et al. (17) also found more severe physical abuse during pregnancy to be more associated with low birth weight. The finding also suggests that for some women, pregnancy is a protective period, as was also noted in the three other studies that measured abuse both prior to and during pregnancy (7, 12, 37) .
Similarly, more women said they were controlled or emotionally abused in answer to the single question than met the cutoff score (9) on the ISA-NP. Again the ISA-NP was a significant predictor of low birth weight in full term infants in the bivariate analysis but not in the preterm infants. Because of the strong relation between the ISA-P and the ISA-NP, we omitted the ISA-NP from the final multivariate model to avoid multicollinearity. We also tested to make sure that the ISA-NP by itself in the model did not significantly predict low birth weight, and it did not.
In conclusion, although the design of this study was limited by our asking about abuse only at delivery and the division into full term and preterm infants resulted in less than optimal statistical power, the findings added significant information to the growing body of knowledge about abuse during pregnancy and its effects on maternal and infant health. Strengths of the study include the ethnic heterogeneity, the case-control design, and the separation of full term and preterm infants, thereby controlling for prematurity. We did not find a significant effect of abuse on low birth weight in either the full term or the preterm babies in multivariate analysis, but we did find evidence that other abuserelated maternal health problems (notably low weight gain and poor obstetric history) are confounders (or mediators) helping to explain the relation between abuse and low birth weight in full term infants.
